daptive servo-ventilation (ASV) was initially developed to treat sleep-disordered breathing (SDB), but it is an effective therapeutic option for patients with heart failure (HF). 1 ASV therapy is commonly used throughout the night for HF patients who suffer from SDB 2 because it prevents the hypoxic stress, oxidative stress, metabolic dysregulation and elevated sympathetic nerve activity (SNA) caused by SDB. 1 Although our previous study was retrospective and could not provide a definite conclusion, nighttime ASV therapy for ≥4 h improved cardiac function, renal function, 3 and prognosis in HF patients. 1, 4 Moreover, ASV therapy has been shown to be effective in HF patients regardless of the severity of SDB. 4 Decreased lung inflation caused by abnormal breathing can reduce pulmonary vagal afferent activity, thus enhancing SNA, 5 which is associated with malignant arrhythmias, hematologic abnormalities, 6 decreased cardiac pump function, and a poor prognosis in HF patients. ASV therapy provides hemodynamic support to suppress this vicious cycle and improve cardiac function in HF patients. 4 Nevertheless, a relatively large number of HF patients are unable to wear an ASV device, 1,4 so a novel therapeutic approach that avoids the problems associated with ASV intolerance is desirable. HF patients frequently show abnormal breathing patterns, such as rapid, shallow breathing and periodic breathing, even during the day. 7 A recent study reported that short-duration ASV therapy immediately reduced SNA in HF patients by stopping abnormal breathing patterns. 8 Either the prevention of abnormal breathing or the hemodynamic support by ASV therapy may contribute to an increase in left ventricular ejection fraction (LVEF), decreased concentration of plasma brain natriuretic peptide (BNP) and a reduced rate of hospital admissions in HF patients.
Therefore, even a short-duration of ASV therapy may assist HF patients who cannot tolerate long-duration ASV therapy. The present study aimed to clarify whether short-duration ASV Short-Duration ASV and HF therapy can improve cardiac function in HF patients.
Methods

Study Design
Between January 2009 and June 2011, 86 consecutive patients diagnosed with New York Heart Association (NYHA) class II or III HF, LVEF <55% and admitted to hospital for acute HF in the 6 months before ASV therapy initiation were enrolled. The patients were retrospectively divided into 3 groups according to their use of ASV during a 6-month period: group A, ASV for ≥4 h per day; group B, ASV ≥1 h and <4 h per day; and group C, no ASV or ASV <1 h. Echocardiographic parameters, concentrations of plasma BNP and high-sensitivity Creactive protein (hs-CRP), and the estimated glomerular filtration rate (eGFR) were measured before and after 6 months of ASV treatment in all 3 groups, as reported previously. 3 Patients who had recovered from acute HF or decompensated HF were excluded from the study. If enrolled patients experienced a decrease in blood pressure (BP; systolic BP <100 mmHg) or increased BP (systolic BP >140 mmHg), calcium antagonists or diuretics were decreased or increased by increments of half the previous dosage. Additionally, if HF patients experienced a minimum of 3 kg increase or decrease in body weight, diuretics were decreased or added, respectively, by half-increments. 3 The doses of angiotensin-converting enzyme inhibitor, angiotensin-receptor blocker or β-blocker were not changed during the follow-up, taking into account their cardioprotective effects.
Polysomnography
Enrolled patients underwent overnight polysomnography monitoring using the ProFusion PSG ® Sleep Diagnostic System (Compumedics, Vic., Australia), which continuously acquires the data of an electroencephalogram, electrooculogram, oxygen saturation (SaO2), airflow, snoring, and thoracoabdominal motion. Apnea was defined as an absence of inspiration for ≥10 s, and obstructive apnea was distinguished from the central type by analyzing chest and abdominal motions. Hypopnea was defined as ≥30% reduction in monitored airflow accompanied by a decrease in SaO2 of ≥4%. Arousal responses were defined according to the recommendations of the American Sleep Disorders Association. Apnea-hypopnea index (AHI) was defined as the number of apnea and hypopnea episodes per hour during sleep. AHI ≥5/h was defined as SDB. A diagnosis of moderate-to-severe SDB was assigned an AHI of ≥15/h, and non-SDB to mild SDB was assigned an AHI of <15/h. Central sleep apnea was defined as AHI >5/h with >50% of the events labeled as the central type rather than the obstructive type of apnea. 9
Echocardiography Two-dimensional, M-mode, Doppler echocardiography (iE33; Philips Medical Systems, Andover, MA, USA) was used to evaluate various cardiac parameters. The LVEF, LV end-systolic volume, and LV end-diastolic volume (LVEDV) were estimated from the apical 2-and 4-chamber views using the modified biplanar Simpson's rule. The sonographers were blinded to the study protocol and were not involved in treating the patients.
ASV Therapy
ASV therapy (AutoSet CS ® ; ResMed, Sydney, NSW, Australia) was initiated in the 86 consecutive HF patients. The first 3 days of the treatment period were used as the mask-fitting period. During the first 20 min of ASV treatment, each patient's heart rate (HR), SaO2, and BP were monitored every 5 min. A follow-up assessment was conducted 6 months later. ASV therapy was initiated by experienced physicians who were familiar with the device. An expiratory positive airway pressure of 5 cmH2O and inspiratory pressure support between 3 and 10 mH2O were used. Compliance data were downloaded monthly from the ASV devices and checked at the outpatient clinic. Based on these data, the patients were divided into the 3 groups already described. Some patients refused ASV therapy or could not tolerate ASV therapy for ≥1 h because of the positive airway pressure or mask discomfort. These patients were defined as unable to tolerate ASV therapy. The requirements for HF patients undergoing ASV therapy were as follows: (1) frequency of device use, >2 weeks per month; (2) mean 
Statistical Analysis
Continuous variables are expressed as mean ± SD. Student's t-test was used to compare the 2 groups. Analysis of variance (ANOVA) was used when comparisons involved more than 2 groups. When group differences were found, 1-way ANOVA was followed by Scheffé's method to test for significant differences among the means in all groups. Categorical variables were compared using chi-squared analysis and Yate's correction, as necessary. The time to a cardiac event was estimated using the Kaplan-Meier method, with comparisons made using the log-rank test. Correlations were analyzed using Pearson's correlation coefficient. Multiple linear regression analysis was used to identify the influential parameters for the LVEF changes. All parameters with P<0.10 on univariate analysis were entered into the multivariate analysis as previously reported. 6 P<0.05 was deemed to indicate statistical significance. All analyses were performed using SPSS for Windows Windows ver. 16.0 (SPSS, Chicago, IL, USA).
Results
The baseline characteristics of the enrolled HF patients are listed in Table 1 . No significant differences in age, sex ratio, body mass index, BP, HR, pharmacological data, echocardiographic parameters, laboratory data or polysomnography data were found among the 3 groups. A total of 24 patients used the ASV device for a mean of ≥4 h during the day (group A), 42 patients had a mean ASV duration of ≥1 h to <4 h per day (group B), and 20 patients could not tolerate ASV therapy (group C). The AHI score was 30.2±13.7 in group A, 26.3±13.9 in group B, and 24.1±12.3 in group C. There were no significant differences among the 3 groups (P=0.224). No significant differences were seen between the AHI scores of group A and that of nighttime users in group B (30.2±13.7 vs. 25.1±13.9, P=0.263, respectively). The study design is depicted in Figure 1 . All patients in group A used ASV therapy for ≥4 h during the night. Of the 42 patients in group B, 15 (35.7%) used ASV therapy during the night, 13 (31.0%) used it during the day, and 14 patients (33.3%) used the ASV device during both nighttime and daytime. All patients in group B used the ASV device for ≥1 to 4 h/day during the follow-up period. Of the 20 patients in group C, 5 could not tolerate ASV therapy for ≥1 h/day during the 6-month period and 15 patients declined the therapy because of mask intolerance (n=9) or subjective intolerance of positive airway pressure (n=6). The HF patients in groups A and B continued ASV therapy throughout the 6-month period. No deaths occurred during the 6-month follow-up period.
The characteristics of ASV device use during the study period are shown in Table 2 . The frequency of ASV use over the 6-month period was 79.3±19.2%, 70.9±17.4%, and 4.8±8.6% in groups A, B, and C, respectively. A significant difference was observed between groups A and C (P<0.001) and between groups B and C (P<0.001), but no significant difference was found between groups A and B (P=0.115). The duration of daily ASV use was 6.7±1.8 h, 2.2±0.9 h, and 0.1±0.2 h in groups A, B, and C, respectively. The duration was significantly different between groups A and B (P<0.001), A and C (P<0.001), and B and C (P<0.001). Figure 2A shows the change in LVEF after 6 months of ASV therapy. The change in groups A (5.0±8.1%) and B (3.5± 5.5%) was significantly different from the change in group C (−1.5±6.0%; P=0.004, P=0.017, respectively). The change in LVEF was not significantly different between groups A and B (P=0.646).
Changes in BNP concentration after 6 months of ASV therapy are shown in Figure 2B . BNP Figure 2C shows the change in LVEDV after 6 months of ASV therapy. It was significantly reduced in groups A (−6.2± 10.1%) and B (−5.1±8.2%) as compared with group C (0.8± 9.1%; P=0.031, P=0.043, respectively). The change in LVEDV was not significantly different between groups A and B (P= 0.887).
The hs-CRP concentrations decreased significantly in group A (−62.4±27.6%) and B (−46.2±36.4%) when compared with group C (8.5±28.3%; P<0.001, P<0.001, respectively). A significant increase in the eGFR was shown in groups A (6.7± 16.9%) and B (6.0±16.5%) as compared with group C (−11.5± 12.0%; P=0.001, P=0.001, respectively).
The hospital admission rate during the 6-month follow-up period was 4.1% in group A, 7.1% in group B and 25% in Figure 3 . Kaplan-Meier survival curve in groups A, B, and C during 6-month follow-up period. Group A: patients using ASV therapy for ≥4 h/day; Group B: patients using the ASV device for ≥1 to <4 h during the day. Group C: patients who refused ASV therapy or who could not use the ASV device for ≥1 h. ASV, adaptive servo-ventilation. Short-Duration ASV and HF group C. Kaplan-Meier survival analysis showed that the eventfree rate at 6 months was greater in groups A and B, when compared with groups C (P=0.042, P=0.045, log-rank test; Figure 3) . Figure 4 shows the correlations between total ASV use time and changes in LVEF, plasma BNP concentration and LVEDV in patients with ASV therapy (group A, group B, and 5 patients of group C). Significant correlations were found between total ASV use time and changes in LVEF (r=0.369, P=0.002, Figure 4A ), plasma BNP concentration (r=−0.445, P<0.001, Figure 4B ), and LVEDV (r=−0.374, P=0.001, Figure 4C) . Tables 1,2 . KOYAMA T et al.
25.7 ml, P=0.002) also occurred in nighttime ASV users in group B (n=15). Moreover, among the daytime users of ASV in group B (n=13), LVEF was significantly increased (38.8± 10.8 to 40.0±11.2%, P=0.041), while plasma BNP concentration (321.8±167.9 to 223.6±145.3 pg/ml, P=0.014) and LVEDV (159.7±40.6 to 153.6±45.3 ml, P=0.044) were significantly decreased. The changes in LVEF, plasma BNP concentration and LVEDV were not statistically significant between daytime and nighttime users of ASV in group B.
In the multiple linear regression analyses including the duration of ASV use, the frequency of ASV use, changes in hs-CRP concentration and changes in eGFR, the frequency of ASV use (coefficient=0.284, SE=0.035, P=0.019) was significantly associated with changes in LVEF ( Table 3) .
Discussion
The present study made several major insights into the effects of short-duration ASV therapy on cardiac function in HF patients. Short-duration ASV therapy improved cardiac function and reduced both the plasma BNP concentration and LVEDV, together with a decrease in hs-CRP concentration and an increase in the eGFR. Total time of ASV use significantly correlated with improvement of cardiac function. Multiple linear regression analyses shows that the frequency of ASV use was a strongly influential factor in the improvement of cardiac function. This is the first report to show that short-duration ASV therapy can be a novel therapeutic approach for HF patients who cannot tolerate long-duration ASV therapy.
CPAP therapy could provide many beneficial effects for HF patients, but it occasionally has adverse hemodynamic effects in such patients because of the continuous increase in intrathoracic pressure. 10 ASV therapy emerged as a novel non-pharmacological treatment for HF patients and has been shown to improve HF coexistent with SDB with no hemodynamic disadvantages. 1,3,11 Previously, we showed that ASV treatment for ≥4 h during the night improved cardiac function and the prognosis in HF patients with no clinical adverse effects. 1, 4 These beneficial effects of ASV therapy may be attributable to not only the prevention of hypoxic stress, oxidative stress, and metabolic dysregulation but also to its property of lowgrade expiratory positive airway pressure during respiration, where automatic self-adjustment to the patient's breathing efforts is applied. Nevertheless, discomfort from the mask or the positive airway pressure associated with ASV therapy may present serious problems for patient compliance. In our previous study, 37 (42%) of 88 consecutive HF patients could not continue ASV therapy because of mask discomfort and were defined as patients who could not tolerate ASV therapy. 1, 4 Initially, ASV therapy was developed as a therapeutic option for eliminating SDB, such as central sleep apnea. 2,11 It was commonly believed that patients should undergo ASV therapy during sleep for as long as possible. Recently, it was reported that HF patients frequently develop a rapid, shallow breathing pattern or periodic breathing patterns during the daytime. 7 This abnormal breathing reduces pulmonary vagal afferents activity, thus enhancing SNA, 5,8 which is closely associated with reduced cardiac function and the prognosis of HF patients. 12 The abnormal breathing patterns could be an important therapeutic target for ASV therapy, because the therapy can produce regular, slow breathing in HF patients by maintaining the patient's minute ventilation, and immediately reducing SNA. 8 In the present study, moderate-to-severe SDB was observed in patients in all groups, implying that the HF patients who were enrolled in this study had abnormal breathing patterns. However, it was not clear whether ASV therapy provides beneficial effects for HF patients who cannot use the ASV device for ≥4 h/day. Moreover, it is unknown how long or how often an ASV device must be used each day to produce beneficial effects in HF patients. The present study was designed to test the hypothesis that short-duration ASV therapy could improve cardiac function in HF patients.
In the present study, we found that 23% of the HF patients either could not continue or declined ASV therapy, 28% could use ASV treatment only during the night, and 49% of the patients underwent the complete short-duration ASV therapy. As a result, more patients in the current study than in our previous study were able to continue ASV therapy and showed increased cardiac contractile function, decreased plasma BNP concentrations, and reduced LVEDV. We believe that short-duration ASV therapy will improve the compliance of HF patients with this therapeutic approach and thus increase the number of patients who benefit from ASV treatment.
The present study showed that long-duration nighttime, as well as short-duration, ASV therapy improved cardiac function in HF patients. These results imply that the low-grade expiratory positive airway pressure and pressure support of ASV prevents an increase in preload, even while the HF patient is supine, without causing hemodynamic problems. 4 In this study, cardiac function in both daytime and nighttime short-duration ASV users significantly improved, supporting the idea that the hemodynamic assistance of ASV therapy is an important mechanism for the refinement of cardiac function. The lung inflation and expansion that occurs during ASV therapy decreases SNA and improves HF. 5, 8 However, the underlying mechanisms mediating the beneficial effects of short-duration ASV therapy in HF patients are not clear. It may be that short-duration ASV therapy reduces preload or that SNA has a carryover effect that triggers an improvement in cardiac function and establishment of a new hemodynamic balance. Short-duration use of the ASV device may cause slight changes in circulatory system function that result in hemodynamic stabilization in HF patients. In the present study, the frequency of ASV device use per month was relatively high in groups A and B; thus, according to the multiple regression analyses, it may be that the frequency, as well as the duration, of ASV therapy is a critical factor for the improvement of cardiac function. These results imply that it is important to extend total ASV use time by increasing the frequency of ASV device use or the duration of ASV use per day for an improvement in the cardiac function of HF patients.
Although changes in several parameters related to cardiac function were not statistically different between groups A and B, the changes tended to be greater in those undergoing longduration ASV use than in those who underwent short-duration ASV use, suggesting that nighttime long-duration ASV treatment may be more beneficial than short-duration ASV use. A possible explanation is that long-duration ASV use prevents more adverse effects related to SDB, 13 hemodynamic deterioration 14 and abnormal breathing 8 than does short-duration ASV therapy. However, our results indicate that short-duration ASV therapy is more beneficial than no ASV therapy in HF patients. Thus, we believe that short-duration ASV therapy is an alternative approach for HF patients who are unable to tolerate nighttime long-duration ASV therapy.
Study Limitations
Both the present and previous study were based on a retrospective approach, whereby these studies can not give definite conclusions related to the effects of ASV on HF. Moreover, Short-Duration ASV and HF this approach has the risk of leading to inappropriate use of the ASV device. Although short-duration ASV therapy was shown in this study to be a possible alternative approach for patients who can not tolerate conventional ASV use, further prospective studies are needed to establish the beneficial effects of short-duration ASV treatment for HF. Patients who were enrolled in this study had relatively mild systolic dysfunction because we used the same methodological approach as in our previous study. 4 Further studies will be needed to clarify the effect of ASV therapy on severe HF patients whose LVEF is <40%.
In conclusion, short-duration ASV therapy improved cardiac function in HF patients. This novel ASV therapy may be an important alternative therapeutic approach for HF patients who are unable to tolerate long-duration ASV therapy.
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